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Effects of cannabinoid receptor agonists on neuronally-evoked
contractions of urinary bladder tissues isolated from rat, mouse, pig,

dog, monkey and human
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1 This study investigated the cannabinoid receptor, known to inhibit neuronally-evoked
contractions of the mouse isolated urinary bladder, in bladder sections isolated from mouse, rat,
dog, pig non-human primate or human.

2 The CB;-like pharmacology of the cannabinoid receptor in mouse isolated bladder observed
previously was confirmed in this study by the rank order of agonist potencies: CP 55940>WIN
55212-2>HU 210>JWH 015>anandamide, the high affinity of the CB,; selective antagonist, SR
141716A (apparent pKp 8.7), and the low affinity of the CB, antagonist, SR 144528 (apparent
pKgp<6.5). In these studies, SR 141716A (10—100 nM) significantly potentiated electrically-evoked
contractions in this tissue by an undetermined mechanism.

3 A similar rank order of agonist potencies was determined in rat isolated bladder sections (CP 55,
940> WIN 55212-2>JWH 015). In this tissue, the maximal inhibitory effect of all agonists was
lower than in the mouse bladder. Indeed, the effects of both HU 210 and anandamide were too
modest to quantify potency accurately.

4 In the rat isolated bladder, SR 141716A (30 nMm) or SR 144528 (100 nM), reversed the inhibitory
effect of WIN 55212-2 (apparent pKg=8.4 and 8.0, respectively) or JWH 015 (apparent pKz=8.2
and 7.4, respectively). These findings may demonstrate pharmacological differences between the rat
and mouse orthologues of the CB, receptor. Alternatively, they may be attributed to a mixed
population of CB, and CB, receptors that jointly influence neurogenic contraction of the rat
bladder, but cannot be differentiated without more selective ligands.

5 WIN 55212-2 had no effect on electrically-evoked contractions of bladder sections isolated from
dog, pig, cynomolgus monkey and human. These findings suggest that the effect of cannabinoid
agonists to inhibit neurogenic contraction of the mouse and rat bladder is not conserved across all

mammalian species.
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Introduction

Cannabinoid receptor stimulation inhibits electrically-evoked
contractions in certain isolated mammalian tissues (vas
deferens, myenteric plexus, small intestine, urinary bladder,
Pacheco ef al., 1991; Pertwee et al., 1992; Pertwee & Fernando,
1996). In mouse isolated bladder, several cannabinoid receptor
agonists, including WIN 55212-2, A°-tetrahydrocannabinol
and anandamide, inhibit electrically-evoked bladder contrac-
tions in a concentration-dependent fashion. Furthermore, this
inhibitory effect appears not to be post-junctionally-mediated
since contractile responses to muscarinic or purinergic receptor
agonists, acetylcholine or f8,y-methylene ATP respectively, are
unaffected by pre-treatment with A’-tetrahydrocannabinol
(Pertwee et al., 1996).

Sparse evidence for cannabinoid-mediated effects in urinary
bladder has been reported to date. Indeed, autoradiographic
studies fail to identify specific binding of the radiolabelled
cannabinoid agonist, [*H]-CP-55940 (Lynn & Herkenham,
1994), in rat bladder. However, this observation may reflect the
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low sensitivity of the autoradiographic assay, since no specific
binding of [*H]-CP-55940 was observed in either the vas
deferens or the small intestine; tissues in which cannabinoid
receptor-mediated effects were demonstrated previously (see
above).

Some evidence exists to suggest a role for cannabinoid
receptor agonists in the control of urinary bladder function in
humans. In a self-dosing regimen, nabilone, a non-selective
cannabinoid agonist, has been found to alleviate the nocturia
associated with multiple sclerosis (Martyn et al., 1995).
However, the cannabinoid receptor subtype(s), or their
anatomical distribution, through which the nabilone effect is
mediated remain unknown. Indeed, such relief from nocturia
might be attributed to the effects of nabilone at any point in
the peripheral (afferent or efferent) nervous system, and/or in
the micturition centres of the central nervous system.

This study attempted to investigate whether there are
cannabinoid receptors in the efferent peripheral nervous
system that control urinary bladder tone. In order to establish
whether any such peripheral localization is conserved across
mammalian species, this study also investigated the effect of
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cannabinoid receptor activation on neurogenically-mediated
contractions of bladder sections isolated from mouse, rat, pig,
dog, non-human primate and human.

Firstly, the effect of cannabinoid receptor ligands on
electrically-evoked contractions was examined both to estab-
lish and confirm a role of cannabinoid receptors in rat and
mouse isolated bladders. The effects on mouse or rat urinary
bladders were characterized using the cannabinoid ligands
previously used to characterize the CB, receptor in the mouse
isolated bladder (Pertwee et al., 1996). In addition, the
affinities at these receptors of the more selective CB, ligands,
SR 144528 (Rinaldi-Carmona et al., 1998), AM 630 (Ross et
al., 1999) and JWH 015 (Griffin et al., 1997), which hitherto
have not been reported for mouse or rat cannabinoid
receptors, were determined in these assays.

The second aim of this study was to determine the effects of
the non-selective cannabinoid receptor agonist, WIN 55212-2,
on isolated bladder sections from mouse, rat, dog, pig,
cynomolgus monkey and human were investigated. Since
excitatory neurotransmission in mammalian urinary bladders
is predominantly mediated by acetylcholine and ATP (see
Anderson, 1993 for review; Burnstock et al., 1972), we
examined the response to WIN 55212-2 on its own, or under
conditions of muscarinic or purinergic receptor blockade using
atropine or o,f-methylene ATP, respectively.

Methods

Urinary bladders from adult male CD-1 mice (Charles River,
CA, U.S.A)), adult male Sprague Dawley rats (Charles River,
CA, U.S.A)), adult Yucatan micro pigs (STS Farms, CA,
U.S.A.), adult beagles (Marshal Farms, CA, U.S.A.), and
adult cynomolgus monkeys (Charles River, TX, U.S.A.) were
rapidly removed following euthanasia, and immersed in Krebs
solution (of the following composition (mM): NaCl, 118.41;
NaHCO;, 25.0; CaCl,, 2.5; KCl1 4.75; KH,PO,, 1.19; MgSO,,
1.19; glucose, 11.10) for immediate use or overnight storage at
4°C. Sections of human bladder were obtained following
surgical resection from seven patients with differing patholo-
gies (four adult male or female patients who underwent
cystectomy or prostatectomy, a 77-year-old male with
transitional cell carcinoma, a 4-year-old female, and post-
mortem tissue from a 50-year-old female).

Tissue sections (2 x4 mm? for rat, pig, dog, monkey and
human; upper and lower halves of mouse bladder) were
mounted using stainless steel hooks between two parallel plate
electrodes in thermostatically-controlled organ baths contain-
ing 20 ml Krebs buffer, gassed continuously with 95% O,, 5%
CO, mixture at 37°C. The mucosal layer of the pig bladder was
removed in order to reduce spontaneous contractions. Tissues
were subjected to tensile forces by vertical displacement of the
supporting hooks until they attained a resting tension of 0.5 g
for mouse bladders, 0.75—1 g for rat bladders, and 3—4 g for
dog, pig, monkey and human tissues. Changes in isometric
force were measured from Grass FT03¢ (MA, U.S.A.)
transducers and recorded using MacLab data acquisition
software (version 3.5, AD Instruments, MA, U.S.A.). Stimuli
were generated using a Grass S88 (MA, U.S.A.) stimulator,
and divided across eight organ baths using a MedLab
StimuSplitter (CO, U.S.A.). Stimulus timing was controlled
using a GralLab 451 Intervalometer (OH, U.S.A.). For all
electrically-evoked contractions, the size of contraction was
determined using MacLab software as the difference between
maximum and minimum tensile forces (g) across the tissue
over a given stimulation interval.

In order to remove lipophilic drugs from apparatus, organ
baths, electrodes and hooks were washed in ethanol at the end
of every experiment. In addition, organ baths were coated with
Sigmacote (Sigma, MO, U.S.A.) and allowed to dry before
commencement of every experiment.

Concentration-response data: effect on
electrically-evoked contraction

The pharmacology of the inhibitory effect of cannabinoid
receptor agonists on electrically-evoked contractions was
investigated in mouse and rat isolated bladder sections. For
these studies, concentration-response curves were generated
using ascending semi-logarithmic increments in agonist
concentration, each administered 30 min prior to a 2 min
period of electrical stimulation (0.5 ms pulse width, 0.5 s train
duration, 0.1 trains s~', with pulse frequency of 12 and 8 Hz
for mouse and rat, respectively, voltage as for frequency-
response curves, below). After the stimulation period, tissues
were washed immediately with two exchanges of the
surrounding Krebs medium, and agonist was re-administered
at the appropriate concentration.

Agonist-mediated responses were expressed as the per cent
inhibition of electrically-evoked contraction prior to agonist
administration. Agonist potency (ECsy) and relative intrinsic
activities (x) were determined by fitting individual concentra-
tion-response curve data to the Hill equation (1):

alA]™
ECqn + (A .

where [A] and ny are the agonist concentration and slope
parameter, respectively. The equation was adapted for non-
linear regression to estimate —log ECs, (i.e. pECs,). For each
agonist, responses are summarised as the mean and standard
errors of pECs, and « values determined in bladder tissue from
4—6 animals.

For antagonist affinity estimation, tissues were incubated,
without electrical stimulation, with antagonists or equivalent
solvent vehicle for 1 h prior to the commencement of agonist
concentration-response curves. Agonist-mediated effects were
expressed relative to the electrically-evoked contractile re-
sponses elicited at the end of the antagonist incubation, prior to
agonist administration. If antagonists produced parallel,
surmountable displacement of agonist concentration-response
curves, their affinities were determined by Schild analysis
(Arunlakshana & Schild, 1959) using a range of competing
antagonist concentrations, and simultaneously fitting agonist
pECs, values estimated for control and antagonist-treated
tissues to equation (2) (Trist & Leff, 1985).

Effect =

B conc” c
log(ECsy)) = log(l + m) + log(ECS,) (2)
where ECZ, and EC§, are the mid-points of the agonist
concentration-response curves generated in the presence and
absence of a competing concentration of antagonist, respec-
tively and K and n are the antagonist affinity and Schild slope,
respectively. Schild slope, was tested for deviation from unity
by a r-test comparison of observed log (r—1) vs estimated log
(r—1) (using SAS software, SAS Institute Inc., Cary, NC,
U.S.A., release 6.12 for Windows). If the Schild slope was not
significantly different from unity, it was constrained to 1 for
determination of antagonist Kp.
Alternatively, an apparent pKp was calculated using the
Schild equation (3) following incubation with a single
concentration of antagonist, [B]:

British Journal of Pharmacology, vol 129 (8)



R.S. Martin et al

Role of CB; receptor in mammalian bladder sections 1709

PKp = log(r — 1) — n log[B] 3)

where r is the ratio of ECsys for agonists in the absence and
presence of antagonist. This calculation was only attempted
when the antagonist caused significant (determined by
ANOVA, P<0.05) rightward-displacement of the agonist E/
[A] curve, relative to control. The Schild slope parameter, n, is
constrained to unity, as the assumption is made that
antagonist interacts competitively with receptor.

All non-linear regression was performed in SAS software
(SAS Institute Inc., Cary, NC, U.S.A., release 6.12 for
Windows). In addition in antagonist studies, pECs,, o, slope
parameters derived from logistic curve fitting to agonist
concentration-effect data in the absence or presence of
antagonist were routinely subjected to ANOVA analysis to
determine statistically significant difference between control
and antagonist-treated tissues.

Concentration-response curves: effect of drugs on direct
smooth muscle contraction

The effects of pre-incubating either WIN 55212-2 (3 uM) or SR
141716A (30 nM) on concentration-effect data to carbachol or
o,f-methylene ATP were investigated in order to determine
whether the effects of these drugs can be attributed to
interactions with post-junctional receptors in the bladder. In
these studies, a paired curve design was employed. Cumulative
concentration-effect curves to carbachol or single-exposure
concentration-effect curves to «,f-methylene ATP were
constructed. When these drugs had been removed by ex-
changing the surrounding Krebs solution, WIN 55212-2, or SR
141716A or equivalent solvent vehicle was administered to the
surrounding Krebs media and incubated for 1 h prior to the
construction of a second concentration-effect curve to the
agonist. Contractile responses to carbachol or ¢,-methylene
ATP were scaled to the within-tissue response to KCI (80 mm).
Concentration-effect data were fitted to the logistic equation (1)
above, and an analysis of variance was performed to determine
whether treatment with WIN 55212-2 or SR 141617A gave rise
to differences in intrinsic activity («), potency (ECs) or slope
parameter (n) between first and second curves.

Frequency response-curves

For the construction of frequency-response curves, a train of
electrical pulses was applied for 0.5 s once per minute, with
pulse frequency increasing in 2 fold increments (0.5 ms pulse
width, 1-128 Hz). For each species the minimum voltage to
give reliable contractile responses at 4 Hz was chosen (8, 7, 4,
8, 12 and 10 V for mouse, rat, dog, pig, monkey and human
bladders respectively). Before commencement of electrical
stimulation, the contractile response to 0.3 mM carbachol was
determined in all tissues. All electrically-evoked responses were
scaled to this carbachol response. Electrically-induced con-
tractile responses that were sensitive to 0.3 uM tetrodotoxin
were considered to be neurogenically mediated.

In tissues where multiple frequency-response curves could
be constructed reproducibly within one tissue (mouse, primate)
paired Student -tests (using SAS software, SAS Institute Inc.,
Cary, NC, U.S.A., release 6.12 for Windows) were used to
compare within-tissue control and drug-treated contractile
responses at every frequency from 4-—6 different animals.
When multiple curves could not be generated reproducibly
(rat, dog, human), an unpaired Student’s ¢-test was performed
(using SAS software, SAS Institute Inc., Cary, NC, U.S.A.,
release 6.12 for Windows) to compare contractile responses in

control and treated tissues at every stimulation frequency.
Under either experimental protocol, tissues were incubated for
1 h with drug or corresponding vehicle prior to construction of
frequency-response curves.

Finally, in order to determine whether cannabinoid
receptor(s) selectively interfere with the muscarinic or
purinergic components of neuronal transmission, the effects
of WIN 55212-2 were investigated in mouse and rat isolated
bladder under conditions of muscarinic and/or purinergic
receptor blockade. In these studies, the non-selective muscari-
nic receptor antagonist, atropine (0.3 uM), and/or o,f-
methylene ATP (3 uM) which causes rapid densensitization of
P2X purinoceptors were used to inhibit the respective receptor
population(s).

Materials

The following drugs were purchased: WIN 55212-2 mesylate
((R)(+)-[2,3-dihydro -5 -methyl -3 -[(morpholinyl)methyl]pyro-
10[1,2,3-de] -1,4 - benzoxazin - yl] - (1 - naphthalenyl)methanone
mesylate), anandamide from Research Biochemicals Inc. (MA,
U.S.A)); tetrodotoxin, atropine, o,f-methylene ATP, carba-
chol from Sigma Chemicals (MO, U.S.A.); HU 210 ((6aR)-
trans-3-(1,1-dimethylheptyl) - 6a,7,10,10a - tetrahydro-1-hydro-
xy-6,6-dimethyl-6H-dibenzo[b,d]pyran-9-methanol) and SR
141716A (N-(piperidin-lyl)-5-(4-chlorophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide) from Tocris
Cookson Inc. (U.K.). SR 144528 (N-[(1S)-endo-1,3,3-trimethyl
bicyclo [2,2,1] heptan-2-yl]-5-(4-chloro-3-methylphenyl)-1-(4-
methylbenzyl)-pyrazole-3-carboxamide) was a generous gift
from Dr Francis Barth, Sanofi Research, Montpellier, France.
CP 55940 ((—)cis-3-[2-hydroxy-4-(1,1-dimethylheptyl)phenyl]-
trans-4-(3-hydroxypropyl)cyclohexanol) and JWH 015 (1-
propyl-2-methyl-3-(1-naphthoyl)indole) were obtained from
the Medicinal Chemistry Department at Roche Bioscience.

All compounds were dissolved in water with the exception
of anandamide, CP 55940, HU 210, JWH 015, SR 141716A,
SR 144528 and WIN 55212-2, which were dissolved (10 mM) in
dimethylsulphoxide (DMSO).

Krebs solution was purchased from Gibco Life Technolo-
gies, NY, U.S.A.

Results

Inhibitory effect of cannabinoid receptor agonists on
electrically-evoked bladder contractions in rat and mouse

Cannabinoid receptor agonists inhibited electrically-evoked
contractions in a concentration-dependent manner in both
mouse and rat isolated bladder sections (see Table 1, Figure 1).
The maximal inhibitory effect of cannabinoid receptor
stimulation in the mouse bladder was higher than that for
the rat (55—80% and 5—-40% inhibition of electrically-evoked
response in the absence of agonist, respectively).

The rank order of potencies of cannabinoid agonists were
similar in both species, CP 55940>WIN 55212-2>HU
210>JWH 015> anandamide, although the very low intrinsic
activities of both anandamide and HU 210 at the cannabinoid
receptor in the rat isolated bladder precluded reliable
estimation of potency.

Antagonist studies in mouse and rat isolated bladder

In the mouse isolated bladder, the CB, seclective antagonist,
SR 141716A (10—100 nM), caused parallel rightward shifts
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Table 1 Estimates of agonist potency (pECsg) and intrinsic activity («) in mouse or rat isolated bladder

Mouse bladder

Agonist PECs o

CP 55940 7.65+0.08 793+3.4
WIN 55212-2 7.67+0.18 78.7+3.8
HU 210 7.834+0.08 54.74+9.7
JWH 015 6.72+0.07 80.5+3.3
Anandamide 6.054+0.18 66.0+8.6

Rat bladder

PECsy o
7.694+0.20 32.3+10.5
7.484+0.29 41.54+9.2

n.d.t 9.3+0.7*
6.76 +£0.16 26.8+4.5
n.d.} 53+1.1%

Intrinsic activity (o) of agonist calculated as the per cent inhibition of electrically-evoked contraction relative to response to electrical
stimulation prior to agonist administration. Values are the mean+s.e.mean of 4—6 estimates. TpECsy not determinable due to low

intrinsic activity of the ligand. *Maximal response at 10 uM agonist.
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Figure 1 Inhibitory effect of WIN 55212, CP 55940, HU 210, anandamide and JWH 015 on electrically-evoked contractions in
mouse (A) and rat (B) urinary bladder. Data are the means+s.e.mean of replicate determinations from tissues isolated from 3—6

animals.

of the concentration-response curves to WIN 55212-2 or
JWH 015, with no significant effect on slope
(pKg=8.66+0.13 and 8.2240.17, respectively: Data for
WIN 55212-2 are presented in Table 2). However, an
increase in electrically-evoked contractions was observed 1 h
after treatment with SR 141716A but not in vehicle controls
(Figure 2, increases over pre-dose contractions due to 10, 30,
or 100 nMm SR 141716A=108+68, 187+66, 154+47%,
respectively, n=4, P<0.05 for 10 nMm SR 141716A). This
increase in contractile response was not dose-dependent over
the concentration range of SR 141716A investigated. Mean
data for a single concentration of SR 141716A (30 nM), in
competition with WIN 55212-2 or JWH 015 are presented in
Figures 3 and 4.

As with the mouse bladder, SR 141716A caused parallel
rightward shifts of the concentration-response curve to WIN
55212-2, JWH 015 and CP 55940 in the rat isolated bladder,
with no significant effect on E/[A] curve slope (Figures 3 and
4). In these studies, the affinity of SR 141716A in the rat
isolated bladder was determined using a single concentration
of antagonist (30 nM, apparent pKg=28.42+0.41, 8.19+0.27
and 8.26 +0.18 determined in competition with WIN 55212-2,
JWH 015 and CP 55940, respectively). Unlike in the mouse
bladder, no increase in electrically-evoked contractions
following treatment with SR 141716A was observed in rat
isolated bladder (P>0.05 following 30 nM SR 141716A).

The CB, selective antagonist, SR 144528, attenuated the
effects of WIN 55212-2 or JWH 015 in the rat (100 nM,
apparent pKg=8.02+0.41 and 7.74+0.21, respectively, Table
2 and Figures 3 and 4) but not the mouse isolated urinary
bladder (100 or 300 nM, pKy<6.5). At the concentrations
investigated, SR 144528 on its own had no significant effect on
electrically-evoked contractions in either mouse or rat isolated
bladder.

Table 2 Antagonist affinity estimates determined in com-
petition with WIN 55212-2 in the mouse and rat isolated
urinary bladder

Antagonist Mouse bladder Rat bladder
SR 141716A 8.66+0.13 8.42+041*
SR 144528 <6.5% 8.02+0.41*
AM 630 6.16 +0.08* <5.5%

Values are the mean +s.e.mean of 4—6 estimates. *Apparent
pKp, determined from competition with a single concentra-
tion of antagonist.

AM 630 (3 um), previously reported to be an antagonist in
mouse isolated vas deferens and inactive in the mouse isolated
bladder, caused parallel rightward shifts in concentration-
response curves to WIN 55212-2, in mouse but not rat isolated
bladder sections (apparent pKg 6.16+0.08 and <35.5, Table 2
and Figure 3). At the concentration investigated, AM 630 had
no significant effect on electrically-evoked contractions in
either mouse or rat isolated bladder sections.

Effect of WIN 55212-2 and SR 1417164 on
post-junctional responses to carbachol and o,-methylene
ATP

In mammalian bladders, the major component of neurogenic
contraction is mediated by activation of post-junctional
muscarinic and purinergic receptors on bladder smooth
muscle. Carbachol or o,f-methylene ATP evoked concentra-
tion-dependent increases in muscle contractility in the mouse
and rat isolated bladders, although the relative magnitude of
these responses varied profoundly between the two species.
Relative to the responses to potassium chloride (KCl, 80 mm),
different sensitivities to carbachol (respective maximal re-
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Figure 2 Electrically-evoked contractions of mouse isolated urinary
bladder. Contractions were evoked by electrical stimulation over
2 min intervals (8 V, 12 pulses s7!, 0.5ms pulse width,
0.1 trains s~ ') in sections of mouse isolated bladder before and after
Ih ir]lcubation with (A) SR 141716A (30 nm) or (B) DMSO (0.005%
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Figure 3

sponses =105.5+14% and 63+5%) or o,f-methylene ATP
(respective maximal responses =23 +3% and 88 +10%) were
detected in mouse and rat isolated bladder sections,
respectively. In spite of the differential sensitivity to muscarinic
or purinergic receptor activation, neither WIN 55212-2 (3 um)
nor SR 141716A (30 nM) had any effect on the contractile
responses mediated by carbachol or o,-methylene ATP in the
mouse or rat isolated bladders (Figure 5).

Effect of WIN 55212-2 on frequency-response curves in
isolated bladder tissue

Electrically-evoked responses in the mouse isolated bladder
were attenuated by tetrodotoxin (0.3 uM) by greater than 90%
(data not shown) over the full frequency range investigated
(1-128 Hz). This is consistent with a neuronally-mediated
contraction.

An inhibition of electrically-evoked contractile responses
by WIN 55212-2 (3 uMm) was observed over the full range of
stimulation frequencies in the mouse isolated bladder (1-—
128 Hz, P<0.05, Figure 6A). In the rat isolated bladder, a
decrease in electrically-evoked contractions by WIN 55212-2
(3 uM) was observed only at higher frequencies (32 and
64 Hz, P<0.05, Figure 6B). Conversely, WIN 55212-2 (3 um)
had no effect on electrically-evoked contractile responses (1—
128 Hz) in isolated sections of dog, pig, monkey and human
bladder tissues, relative to time-matched vehicle controls
(Figure 6C—F).
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Antagonism of WIN 55212-2 -mediated effect by SR 141716A (30 nm), SR 144528 (100 or 300 nMm) and AM 630 (3 uMm) in

mouse (A) and rat (B) urinary bladder. Data are the mean+s.e.mean of replicate determinations from tissues isolated from 4—6

animals.
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Figure 4 Antagonism of JWH 015-mediated effect by SR 141716A (100 nm) and SR 144528 (100 nM) in mouse (A) and rat (B)
isolated bladder. Data are the means+s.e.mean of replicate determinations in tissues from 4—6 animals.
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The combined effects of WIN 55212-2 and muscarinic and/
or purinergic receptor blockade on frequency-response curves
were investigated in isolated bladder sections. In the mouse
isolated bladder, treatment with atropine (0.3 uM) attenuated
electrically evoked contractions across all the frequencies
investigated (1-128 Hz, P<0.05). Conversely, o,f-methylene
ATP (3 um) had no effect on electrically-evoked contractions

150, A
—HE— control
—e— + WIN 55212-2 (3 uM)

100{ —A— + SR 141716A (30 nM)

50
3 7 6 5 4
log,, [0,3-methyleneATP] M
150, C

contraction (% 80 mM KCI)

t
)/%42
50
o g—= /-7 6 5 4
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at any of the frequencies investigated (1—128 Hz). Co-
treatment of atropine or o,f-methylene ATP with WIN
55212-2 (3uMm) resulted in attenuation (P<0.05) of electri-
cally-evoked contraction when stimulated at 4, 64 and 128 Hz
frequencies, or at all frequencies, relative to atropine or o,f-
methylene ATP -treated tissues in the absence of WIN 55212-2
(Figure 7A,B).
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Figure 5 Effect of WIN 55212-2 (3 um) or SR 141716A (30 nMm) on contractile responses to o,f-methylene ATP or carbachol
(control responses) in isolated bladder sections from the mouse (A,B) and rat (C,D). Data are the mean+s.e.mean from 4-6
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In similar experiments in the rat isolated bladder. WIN
55212-2 attenuated electrically-evoked contractile responses to
high frequency stimulation (32 and 64 Hz, P<0.05). As with
the mouse isolated bladder, treatment with atropine (0.3 um)
attenuated electrically-evoked contractions in the rat isolated
bladder at all frequencies investigated (1-128 Hz, P<0.05).
Treatment with «,-methylene ATP (3 uM) inhibited contrac-
tions evoked by stimulation at 4, 8 and 16 Hz (P<0.05).
However, the combined inhibitory effect of WIN 55212-2
(3 uM) and atropine or o,f-methylene ATP was no greater
than that for either atropine or o,f-methylene ATP alone
(Figure 7C,D). Finally, co-treatment with WIN 55212-2,
atropine and a,-methylene ATP was not significantly different
from treatment with atropine and o,f-methylene ATP (data
not shown).

In similar experiments with pig or dog isolated bladder,
occlusion of either or both the muscarinic or purinergic
components of the electrically-evoked response with atropine
or o,f,-methylene ATP did not unmask an inhibitory effect of
WIN 55212-2 (data not shown).

Discussion

Previous data suggest the presence of a prejunctional CB,
receptor in mouse isolated bladder that mediates inhibition of
electrically-evoked contractions (Pertwee & Fernando, 1996).
The data in this study confirm and extend the previous findings
in the mouse bladder using a selection of synthetic cannabinoid
receptor agonists and antagonists. Definitive characterization
of the cannabinoid receptor subtype associated with this effect
is confounded by the poor selectivity of several cannabinoid
ligands for the two known receptor subtypes, and an ignorance
of the affinity of several of these drugs at mouse and rat

cannabinoid receptor homologues. Nonetheless, clear simila-
rities in the agonist potencies and antagonist affinity estimates
were identified between the human recombinant CB, receptor
and the cannabinoid receptor in the mouse isolated urinary
bladder. In this study, the potencies estimated for all agonists
and antagonists were consistent with those reported for human
CB, receptors (Showalter et al., 1996; Rinaldi-Carmona et al.,
1998). In particular, the observed rank order of agonist
potencies: CP 55940>WIN 55212-2>HU 210>JWH
015>anandamide, the high affinity of the CB; selective
antagonist, SR 141716A (apparent pKg=28.7), and the low
affinity of the CB, antagonist, SR 144528 (apparent pKg<6.5)
are consistent with a CBj-like cannabinoid receptor in the
mouse isolated bladder.

Neither WIN 55212-2 (3 uM) nor SR 141716A (30 nm) had
any effect on the post-junctional effects of carbachol or o,f-
methylene ATP in mouse or rat isolated bladder. As such, the
effects of these cannabinoid ligands respectively to inhibit or
potentiate electrically-evoked contractions cannot be ascribed
to a post-junctional interaction with muscarinic or purinergic
receptors on bladder smooth muscle, consistent with the
findings in mouse bladder of Pertwee & Fernando (1996).
Although the mechanism by which SR 141716A potentiates
electrically-evoked contractions in this tissue was not
determined, it is likely to be independent of the CB, receptor
as it was concentration-independent over the concentration
range (10—100 nM) which, from its affinity for the CB,
receptor, can be predicted to occupy 80-99% of the CB,
receptors investigated. However, given the poor signal-to-noise
of the mouse and rat isolated bladder assays, the possibility
remains that the increases in electrically-evoked contraction
due to effects of 10, 30 or 100 nM SR 141716A are not different
from each other, and are a consequence of receptor-mediated
inverse agonism or antagonism of endocannabinoid. Notwith-
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standing the unknown mechanism of action, the affinity of SR
141716A estimated in the mouse bladder appears not to have
been confounded by its observed potentiation of electrically-
evoked contractions as the values determined in competition
with WIN 55212-2 or JWH 015 (8.66 and 8.22, respectively) are
similar to other affinities estimated at the human recombinant
receptor or rat brain membranes (pK;=8.3, Rinaldi-Carmona
et al., 1996; pKp=9.4-9.9, Breivogel et al., 1997).

This study also demonstrated an inhibitory effect of
cannabinoid receptor agonists on electrically-evoked contrac-
tions in the rat isolated bladder. In this tissue, the rank order of
agonist potencies determined was similar to that in mouse
isolated bladder sections and at human recombinant CB,
receptors (Showalter et al., 1996). In this assay however, the
maximal inhibitory effects of all agonists were lower when
compared to responses in mouse bladder. Indeed, the effects of
both HU 210 and anandamide were too modest to allow
accurate quantification of potency. The lower maximal effect
of agonists in rat bladder may result from differences between
mouse and rat in the nerves and neurotransmitters that control
neurogenic contraction, or the expression level or G-protein
coupling efficiency of cannabinoid receptors along these
pathways.

In contrast to the CB,-like pharmacology of the mouse
isolated bladder, parallel rightward shifts of concentration-
effects curves to WIN 55212-2 or JWH 015 were observed in the
presence of either SR 141716A (30 nm) or SR 144528 (100 nM)
in the rat bladder. These antagonists are known to bind
selectively to the human recombinant CB, and CB, receptors,
respectively (pK;at CB;=7.91 and 6.4; pK;at CB,=6.2and 9.2
for SR 141716A and SR 144528, respectively, Showalter et al.,
1996; Rinaldi-Carmona et al., 1998). Based on these data, the
high affinity with which both antagonists inhibit the effects of
WIN 55212-2 or JWH 015 in the rat bladder (apparent pKp 8.4
and 8.0, respectively) is consistent with interactions at CB, and
CB, receptors. The CB,-like component of the responses in the
rat bladder cannot be attributed to pharmacological differences
between human and rat orthologues of the CB, receptors as the
selectivity of SR 144528 for rat CB, receptors over rat CB,
previously has been demonstrated in its higher affinity at
membranes derived from rat spleen microsomes (CB, receptor
pKi=9.4) over rat brain (CB,; receptor pK;=6.5, Rinaldi-
Carmona et al., 1998). It remains possible however that a mixed
population of CB;, and CB, receptors jointly influence
neurogenic contraction of the rat bladder, although no
evidence for the CB, receptor subtype has been demonstrated
in the peripheral nervous system to date. This suggestion is not
consistent with the observed failure to demonstrate CB,-like
pharmacology using the CB,-selective antagonist, AM 630 (pK;
at human recombinant CB, and CB, receptors of 5.29 and 7.51,
respectively, Ross et al., 1999; mouse brain apparent pKz=35.5,
Hosohata et al., 1997). Definitive characterization of the
cannabinoid receptor(s) that inhibit neurogenic contractions
in the rat bladder is confounded by the poor signal-to-noise
ratio of the assay.

Previous investigations in the mouse isolated urinary
bladder have shown that pre-junctional cannabinoid receptors
mediate inhibition of electrically-induced contractions by
reducing release of contractile transmitters (Pertwee &
Fernando, 1996). Our findings extend these observations to
suggest that while this holds true for mouse and rat isolated
bladders, there are profound differences between mammalian
bladders since electrically-evoked contractions of bladder
sections from dog, pig, primate or human are completely
resistant to cannabinoid receptor activation by WIN 55212-2.
This may be the consequence of inter-species differences in: (i)

cannabinoid receptor expression or distribution, (ii) the effect
of these receptors on the release of contractile transmitters,
and (iii) anatomical variations in bladder innervation.

Relative to the responses to potassium chloride, different
sensitivities to carbachol or o,f-methylene ATP were detected
in mouse and rat isolated bladders. These are likely to relate to
the relative importance of muscarinic or purinergic neuro-
transmission in the mouse or rat bladders, as demonstrated by
the differences in the effects of «,f-methylene ATP or
carbachol on frequency-response curves in these tissues. Such
inter-species differences in neuronal control of bladder
contraction may account, in part, for the variability in effect
of WIN 55212-2. Profound inter-species differences in the
neuroanatomy of the mammalian bladders are known to exist.
For example, while no parasympathetic ganglia are located
within the urinary bladders of mice and rats, several have been
demonstrated in isolated bladder tissue from guinea-pigs and
human (Gabella, 1990; Gilpin et al., 1983). Our study suggests
that in mouse and rat isolated bladders, which are devoid of
parasympathetic ganglia, cannabinoid receptors are located at
the neuro-effector junction. Therefore, the known differences
in the location of ganglia cannot account for the observed
inter-species differences in response to WIN 55212-2.

Data in this study demonstrate species differences in the
relative contributions of muscarinic and purinergic receptors in
the control of bladder contractility between the mouse and rat.
In particular, the low responsiveness of isolated sections of
mouse bladder to o,f-methylene ATP compared with
carbachol suggests a dominant control of murine urinary
bladder tone by post-junctional muscarinic receptors over
purinoceptors. Conversely, very similar responses to o,f-
methylene ATP and carbachol were determined in rat isolated
bladder sections. These data are consistent with the inter-
species differences in transmitter release reported previously
(see Anderson, 1993 for review; Sibley, 1984).

With specific regard to the neuronal pathways affected by
cannabinoid receptor activation, our studies demonstrate that
WIN 55212-2 inhibits one or both of the muscarinic and
purinergic components of neuronal transmission in the mouse
isolated bladder. In particular, the effect of WIN 55212-2 to
reduce electrically-evoked contractions in the mouse bladder is
attenuated in the presence of atropine or o,f-methylene ATP,
and is completely removed by co-incubation with these two
agents in combination. Conversely, in rat isolated bladder, the
inhibitory effect of WIN 55212-2 is likely to be mediated by
nerves that utilize both muscarinic and purinergic transmission
as the effect of WIN 55212-2 is removed by treatment with
either atropine or o,f-methylene ATP.

Taken together, the data in this study demonstrate
differences in the role of cannabinoid receptors in the control
of peripheral neurogenic contraction in mouse, rat, dog, pig,
monkey and human bladders. Based on these data, the
therapeutic success of nabilone in modulating bladder
emptying in humans (Martyn et al., 1995) is unlikely to be
mediated by interaction with pre-synaptic receptors in the
bladder. However, it remains possible that cannabinoid
agonists may attenuate bladder contractility at other points
along the neuronal pathway including the spinal cord, the
periaqueductal gray or the pons micturition centre. Indeed, the
cannabinoid receptors known to be expressed in the
periaqueductal gray (Lichtman er al, 1995) may be the
mechanism through which nabilone exerts its effects over the
micturition reflex (Vanderhorst ez al., 1996). Furthermore, it is
possible that cannabinoid receptor expression levels, release of
endocannabinoids, and the role of different neurotransmitters
may differ between normal and disease states such that a role
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for cannabinoids in control of bladder contractility, although
absent in healthy bladder tissue, may become apparent in
pathologically altered tissue. Analogous changes in purino-
ceptor expression under disease conditions are known to occur
(Palea et al., 1993).

The lack of response of dog, pig, monkey and human
bladder sections to WIN 55212-2, and the non-CB,-like
pharmacology of the rat bladder challenge both the suitability
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